From several case studies around the world, it is well known that the binder represents the major part of backfilling operation cost. Therefore, in the case of Imiter operation, research were mainly focused on the optimization of binder content. To this end, the definition of the physical and chemical properties of the future formula ingredients, specifically: tailings, waste material and hydraulic binder, was necessary. Analytical verifications were conducted to predict the UCB mechanical strength according to the defined underground functions and delivery network. Experimental testing, including: uniaxial compression, Immediate Bearing Index (IBI) and slump test, were then conducted to evaluate the possibility of reaching the required strength with the selected materials. The obtained results show that the tailings and mining wastes can be used as backfilling material with a specific binder content depending on each underground application. The followed approach can be applied for a prefeasibility evaluation for a backfilling facility.
Introduction
Based on the case of study of Imiter operation, this paper presents a simplified method for the design procedure of Underground Cemented Backfill (UCB). Unlike conventional cemented backfills, the proposed UCB includes both total mill tailing and crashed waste rock mixed with a specific binder content. The proposed method is an iterative process comprising tree main steps: 1) material characterization, 2) mechanical strength prediction 3) Recipe optimization. This last consist of an iterative process comprising laboratory investigation, full-size testing and in-situ monitoring. Potential health and safety hazards of tailing were evaluated by performing metal analysis. To this end, inductively coupled plasma with mass spectrometer detector (ICP-MS) was used. The concentration of heavy elements and total cyanide ranges with typical values of international guidelines. Table 2 and Table 3 present summarized results respectively for main metals and total cyanide analysis. 
Materials and methods
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Mining Backfill Design
In addition to the weight of the backfill, the stress components in a filled stope are also affected by the walls-fill interactions. This allow horizontal stress transfer to the sidewalls due to frictional and/or cohesive interactions. Thus, the vertical pressure at the bottom of filled stope, is less than the weight of overlying fill.  Stope geometry of a height largely superior to its width (H>>B),  Null fill friction angle (ϕ = 0),  Fill cohesion equal to that of interface between the fill and the side wall.
(1)
where γ = fill bulk unit weight (kN/m3); L = strike length of stope (m); H = total height of fill (m); FS = factor of safety. 
where σ vh (KPa) and σ hh (KPa), are the vertical and horizontal stresses at depth H (m), respectively; γ (MN/m3) represents the unit weight of the backfill; δ' (°) is the effective friction angle between the wall and backfill, generally taken as 2/3 of the backfill frictional angle ϕ' bf (°) [13] . K is the ratio of the horizontal stress σ hh to vertical stress σ vh . It's a reaction coefficient depending on the horizontal wall movement and material properties. When there is no relative displacement of the walls, the fill is said to be at rest, and the reaction coefficient is usually given by Equation 4 [14] .
The design UCS depends on the underground function of the backfill and stope geometry. In Imiter Mine, typically stopes of 5 m width and 5 m height are mined with fill-and-cut instead 20 m height for sublevel stoping method with a stope length of 30 m. The principal UCB function for cut-and-fill stoping is to give a working platform for next tranches and walls support for the global stability of the mine. With sublevel stoping, UCB allows face freestanding exposure for pillar recovery. UCB ensure also the sill mat function for both method to minimize mining panels interfering and allow undercut mining.
Pillar recovery
Design considering the arching effect For Imiter case, application of Equation 1 and Equation 2
gives respectively a required strength of 480 and 549 kPa with consideration of a fill unit weight of 20 kN/m3, a minimal fiction angle of 30° and a typical safety factor of 2.0. The friction angle of the backfill is an important parameter when evaluating the stability with Equation 2. This parameter can be obtained with laboratory (triaxial, direct shear) or in-situ testing. The friction angle of the studied Imiter backfill is assumed to be greater than 30° because of the angular shape of the crashed sand and aggregates used at a percentage of approximately 60% from the total weight of the backfill solid material.
Design with no arching effect
In case of stope with no arching effect, which can correspond to a backfill with more than two exposed faces, the fill block is subjected to gravity loading similar to a uniaxial compression sample. The design UCS can be estimated by Equation 5 [15] , which gives a design UCS of 800 kPa for Imiter case study.
where γ f = fill bulk unit weight (kN/m3); H f = total fill height (m); FS = Factor of Safety. 
Working platform
Where c = cohesive strength of fill (kPa), ϕ = intern frictional angle of fill (degree). γ = bulk unit weight of the fill (kN/m 3), D = foundation footing depth from surface (m), B = foundation breadth (m); Nγ = unit weight bearing capacity factor; N c = cohesion bearing capacity factor; Nq = surcharge bearing capacity factor; In case of backfilled stope, the B dimension is equivalent to the width of tire surface contact on the fill. This can be determined by Equation 9
[16].
Where F t is tire loading force (kN) and p is tire air pressure (kN/m 2 ).
In civil engineering, value of Nγ factor can be calculated by Equation 10 [18].
Considering that fresh UCB has nil cohesion and an estimated friction angle of 30°, Equation 6 gives a bearing capacity of 100 kN/m 2 . The limit bearing capacity of 30 kN/m 2 giving an adequate working platform [17] is reached with a friction angle of 23°. To evaluate the trafficability of UCB in term of curing time, Immediate Bearing Index (IBI) test, also known as Immediate CBR Index, can be used to predict the strength behavior of the fill. Based on IBI results, the UCB ability to be used as working plate-form is evaluated according the IBI standard classification.
Sill mat
To minimize mining panels interfering and improve the global strength of the rock mass, UCB is used as sill mat fill where it ensure a supporting function. However, the main function of the sill mat is to allow underhand cut-and-fill mining. Ideally, the design of a sill mat fill take into consideration the vertical and lateral loading, stope geometry, failure modes, seismic effects, and mechanical properties. It is critical to know the sill mat loading to determine the required strength of the fill. An under-estimation can cause premature failure when the sill mat is exposed by mining extraction. The overestimation implies additional cement which increases the sill mat cost. The vertical loading onto the sill mat can be estimated by the arching theory equations presented in section 2.5. Considering a vertical stope with an infinite backfill thickness, the vertical stress exercised by the overlying backfill on the UCB sill mat can be calculated by Equation11 [19] . (11) Where σ v (kPa) is the vertical stress applied by the overlying backfill on the sill mat, B (m) is the span of the sill mat (or width of the stope), γ (kN/m 3) and ϕ (°) are, respectively, the unit weight and friction angle of the overlying backfill, and K (-) is the lateral earth pressure coefficient in the backfilled stope above the sill mat. As described by Mitchell (1991) , four failure modes condition the sill mat stability; the failure can be a result of a flexural, sliding, rotational or caving mechanism. Assuming that there is a good and controlled quality of the contact fill-walls, the flexural failure is more critical than rotational or sliding failure. Flexural failure of the sill mat is mainly related to backfill loading. However, stresses generated by wall convergence can lead to compressive failure if the limit strength of the material is exceeded. Mott (2002) [20] proposed Equation 12 to estimate the limit flexural strength for a fixed sill mat. Flexural failure, referred to as tensile failure, is the most common and requiring the highest strength to prevent failure, as such it is used as the critical design criteria. (12) The corresponding factor of safety is given by Equation13; σ t is assumed to be 1/10 th of UCS as suggested by many authors [21].
(13)
Underground delivery
Generally pumping system is required for underground delivery of UCB. Gravity cannot ensure the fill flow in case of important horizontal mining development. Transfer pumps should be able to handle a flow rate approximately 20% greater than the design flow rate for the system (solids and water) [1] . The decreasing in flow rate to the critical sedimentation value directly causes complete filling of the pipe. The UCB flowing is principally related to the consistency and so, the viscosity of the fresh backfill. Due to the complexity of measuring the viscosity which depends on several factors, the slump cone test, originally developed to monitor the consistency of unhardened concrete, gives an indication of the backfill yield stress. The slump is the measure of the drop of the backfill material when it is released from a standard metallic cone. Determination of the slump provides a way to characterize a material's consistency that can be related to its transportability [22, 23] . For a successful pumping system, the ideal slump height range from 150 mm (5'') to 300 mm (12'') [24, 25].
In term of particle size, the backfill material must also contain at least 15 % by weight passing 20 μm for a typical flow and retain sufficient colloidal water to create a non-segregating mixture [26].
Recipe optimization
In order to optimize the backfill mixture for Imiter mine, five recipes were defined with variation of the cement content from 1 to 10% as presented in Table 4 . Table 4 were reconstituted in laboratory for a volume of 1 m 3 and were subjected of the following testing: Uniaxial Compressive Strength (UCS); Immediate Bearing Index (IBI); Slump test. (Fig. 1) show that UCS values range from 0.14 to 2.44 MPa with an exponential trend from day 1 to day 28.
Mixtures presented in
Fig. 1. Trend curve of UCS results from day 1 to day 28
Immediate Bearing Index (IBI)
The IBI test is generally used to evaluate trafficability of soil foundation during road construction. The test is originally realized on compacted soil simples with the optimum Proctor density. For our case, the test was conducted on crafted cylindrical specimen for the same backfill recipes used for UCS testing. Figure 2 shows that evolution of IBI index for recipe R1, R2, R3 and R4 for a curing age until four days. The objective of this test is to define the curing age after which the backfill can be trafficable by mining equipment. 
Discussion
For the backfill mixture optimization, five recipes were proposed with cement content ranging from 1 to 10%. Mechanical properties were evaluated through Uniaxial Compressive Strength testing. Trafficalbility and pumpbility were respectively analyzed by Immediate Bearing Index and slump test. According to the UCB design requirements and experimental results, it appears that the adequate proportion of cement in the UCB mixture is situated between 2 and 5 % (recipes R2 and R3) in case of pillar recovery, and 4% in the case of self-supporting backfill. Except recipe R1, IBI index results show that all backfill recipes allow trafficable platform after four days of curing time. Recipe R3 and R4 can make possible equipment circulation only after a curing age of 2 days. However, if the recipe R3 is chosen as the optimal formulation, tree days of waiting time will be required to adequately upturn the extraction activity in the filled stope. For the concern of underground delivery, the realized cone tests give slumps from 210 to 220 mm, which indicate a fluid slurry easily manipulated by conventional pumping system.
Conclusion
This paper presented a simplified procedure for mining waste and tailing reutilization through Underground Cemented Backfill. Following this procedure will help operation to develop the adequate backfill mixture based on specificities of each extraction site. The case study of Imiter operation presented in this paper, presented an integrated solution to using both waste rock and tailings as an engineered filling material ensuring different underground functions. Despite the knowing environmental benefits of mining waste reusing, improved understanding of cementitious binding mechanisms will be important in improving and reducing potential heavy element release to the environment. Other important issues also remain to be resolved, including the long term evolving properties of the fill material, the seismic impact related to blastinduced vibrations. It must also be noted that the important quantity of available wastes implies evaluation of other reusing solutions, especially in building and large civil works.
